Summary. Female cell-mediated immunity to allogeneic spermatozoa after repeated natural insemination, in the absence of pregnancy, was compared with that after systemic challenge using the cell-mediated microcytotoxicity test to measure cytotoxic cell alloreactivity. After multiple (3\p=n-\6) inseminations the majority of females (11 out of 13) showed a significant degree of lymphocytotoxicity to male-strain histocompatibility alloantigens in the para-aortic lymph nodes, and to a lesser extent in the spleens, while a single insemination was usually not sufficient to evoke a specific cytotoxic cell response. This differed from the low and highly variable degree of female sensitization after multiple systemic challenge with allogeneic spermatozoa via the intraperitoneal route. By contrast, a single systemic challenge via the footpad proved to be the most highly consistent and effective route for eliciting cell-mediated immunity to male-strain histocompatibility alloantigens in all 9 female mice. This alloreactivity appeared to be directed at alloantigens other than the male-specific H\p=n-\Y antigen. These findings show that the precise route of immunization is a major factor in the development of female cell-mediated immune responsiveness to allogeneic spermatozoa.
Introduction
Evidence that natural insemination evokes a cell-mediated immune response to male-strain histocompatibility antigens is sparse, contradictory and frequently indirect, although several workers have consistently failed to detect humoral immunity to normally inseminated allogeneic spermatozoa (Kaliss & Dagg, 1964; Goodlin & Herzenberg, 1964; Hancock, 1979) . Although spermatozoa carry foreign determinants the view is widely held that the female is immunologically unresponsive to inseminated spermatozoa (Hancock, 1978) . Beer, Billingham & Scott (1975) , however, noted that the para-aortic lymph nodes (PALN) display hypertrophy after a single allogeneic natural insemination, but failed to detect a co-existing state of cell-mediated immunity to male-strain alloantigens as reflected by an accelerated skin-graft rejection time. In addition, significant cell proliferation in the PALN by the 2nd day after copulation has been described after a single allogeneic mating of rats and been attributed to natural insemination (McLean, Shaya & Gibbs, 1980) . Other workers using leucocyte adherence and spleen-cell migration assays have detected cell-mediated immunity after a single mating in man and mice with apparent specificity directed against histocompatibility antigens other than those determined by the major histocompatibility complex (Dorsman, Tumboh-Oeri & Roberts, 1978 ; Roberts & Lewins, 1979) but these findings could not be confirmed by Faruki & Hancock (1983) .
Indirect evidence for the immunogenicity of allogeneic spermatozoa is provided by reports that the adoptive transfer of lymphocytes from female mice which had been immunized systemically with allogeneic spermatozoa resulted in reduced fertility (Tinneberg, Birke & Mettler, 1980) . Moreover, in the rat, a specific cytolytic cell response to male-strain alloantigens is induced after systemic challenge with allogeneic epididymal spermatozoa (Thomas, Leeming, Gibbs & McLean, 1981) .
In the present study we Cell-mediated microcytotoxicity test (CMMT). This was carried out essentially as described by Smith & Nicklin (1979) Intraperitoneal route. In contrast to the footpad route, the specific cytotoxic response after multiple i.p. immunization was variable (Table 1) . Although all mice showed some degree of cytotoxicity compared with the virgin controls, this was only significant in the PPLN in 1 of 6 mice and in the spleen of 2 of 6 mice.
Using allogeneic lymphocytes as the inoculum, multiple immunization with the low dose (see above) did not result in cytotoxicity while higher doses resulted in a significant cytotoxicity in both the spleen and PPLN.
Natural allogeneic insemination
When virgin female B6 mice with ligated oviducts were tested 5-9 days after natural allogeneic insemination there was a striking degree of cytotoxicity in the para-aortic lymph nodes (PALN) and spleen only after repeated coitus (Table 2) . After a single mating there was no killing at effector : target cell ratios of 100:1 and 250:1 except in the spleen in 1 mouse and in the PALN in another. By contrast, 12 out of 13 mice after repeated coitus displayed significant cytotoxicity. This was detected within the PALN in 10 of 13 mice, and in the spleen in 3 animals.
When the effector lymphocytes were also tested on syngeneic fibroblast target cells no significant cytotoxicity was detected, which suggests that the observed killing was not directed at the male-specific H-Y antigen. 
Discussion
The CMMT assay has proved to be a sensitive and specific assay in the detection of cell-mediated immunity to male-strain histocompatibility antigens induced by exposure to allogeneic spermatozoa after natural mating and systemic challenge. We have found that immunity to malestrain histocompatibility alloantigens after a single natural insemination was usually insignificant but repeated coital activity resulted in the majority of female mice displaying significant effector cell cytotoxicity within the para-aortic lymph nodes draining the reproductive tract. However, a single systemic immunization via the footpad route with allogeneic spermatozoa resulted in a significant cytotoxic cell immune response in the draining popliteal lymph nodes while the response after repeated challenge via the intraperitoneal route was variable.
Our findings suggest that a major determinant in the development of female cell-mediated immune responsiveness to allogeneic spermatozoa is the route of antigenic challenge. In the present study, the footpad route proved to be the most effective route of immunization when compared with both the intraperitoneal and vaginal/uterine routes. Thomas et al (1981) , using a cytoadhesion technique, detected a "cytolytic" T-cell response in rats after footpad challenge, with specificity against male-strain histocompatibility antigens. The reasons for the difference in the effectiveness of these various routes of immunization is largely unknown. The efficiency of the footpad route in eliciting immune responses to a variety of immunogens, however, has been noted by several workers (Leskowitz & Waksman, 1960; Tilney, 1970) and been attributed in part to its lymphatic drainage pattern as well as to the population of antigen-presenting Langerhans cells sited in the epidermis (Green, Stingi, Shevach & Katz, 1980) . Studies on the cell-mediated immune response to the male specific histocompatibility H-Y antigen have suggested that defects in antigen presentation exist at a cellular level in mice immunized via the intraperitoneal route and cause nonresponsiveness (Brenan & Mullbacher, 1981) . It is therefore possible that the addition of antigenpresenting cells such as macrophages to the i.p.-injected allogeneic sperm inoculum would evoke a cytotoxic Tc response directed against male-strain histocompatibility antigens. The present finding of a cytotoxic cell response after footpad challenge contrasts with the report that intravenous immunization with allogeneic spermatozoa evokes marked immunosuppression (Hurtenbach & Shearer, 1982) with its implication for the aetiology of the acquired immunodeficiency syndrome (AIDS) in homosexual men. The present study shows that the precise route of immunization is a major factor in regulating the cell-mediated immune response to allogeneic spermatozoa because defective antigen presentation may evoke non-responsiveness and/or immunosuppression. We are now assessing the effectiveness of the intravenous and ano-rectal immunizing routes on the Tc cellmediated immune response.
The present finding that the majority of female mice are specifically sensitized to male-strain histocompatibility alloantigens after natural matings has major implications for the feto-maternal immunorelationship, in particular the survival to term of the semiallogeneic conceptus. Protective immunoregulatory mechanisms must operate early in gestation to limit the potentially deleterious cytotoxic immune response directed against the paternal male-strain histoincompatible fetoplacental unit and thus prevent its 'second set' rejection. Cytotoxic cells with anti-paternal strain activity cannot be readily detected during allogeneic pregnancy in the mouse (Chaouat, Monnot, Hoffman & Voisin, 1982 ) although a small proportion of allogeneically mated primiparous mice do have cytotoxic activity (Billington, Bell & Smith, 1983) . This raises the possibility that repeated natural insemination plays a hitherto unsuspected role in the process of female sensitization, with the consequent development of protective maternal enhancing antibodies and immunoregulatory cells such as specific suppressor cells which operate in pregnancy to limit the rejection reaction (for review, see Voisin, 1983) . In pregnancy regulatory cells are first detected in the PALN (Clark & McDermott, 1978; Chaouat & Voisin, 1979) , the major site in the present study in which cellmediated cytotoxicity was detectable after repeated mating. Paradoxically, specific T-cell sensitization to male-strain histocompatibility alloantigens after mating may also have a direct beneficial effect on reproductive efficiency. Prior removal of PALN reduces not only the degree of cell sensitization during allogeneic pregnancy but also the mean litter size (Tofoski & Gill, 1977) . The primary stimulus inducing this beneficial maternal immunity may be sperm alloantigens. In addition, some clinical diseases of pregnancy such as pre-eclampsia are observed predominantly in primigravid women with only limited coital experience before pregnancy (Redman, 1980) . This suggests that multiple exposure to histoincompatible spermatozoa is probably highly beneficial for the success of pregnancy, and the present study shows that the female is sensitized after natural insemination.
The source and the precise antigen specificity of the immunogenic stimulus which evokes the allospecific female cell-mediated immune response after both natural mating and systemic challenge are unknown. The allospecificity of the immune response may be directed against products of the major histocompatibility complex (MHC) or involve only the minor histocompatibility loci. The alloantigenic status of spermatozoa is controversial but the observed allospecificity is likely to be directed against the minor loci in view of the report that human spermatozoa do not express MHC gene products (Anderson, Bach, Yunis & DeWolf, 1982) . The lack of cytotoxicity on syngeneic targets rules out sensitization against either the male-strain specific H-Y antigen or sperm tissue-specific antigens. However, whether the source of the immunogenic stimulus is the spermatozoa or the non-sperm cell contaminant present in semen and sperm inocula is unclear. The failure of an equivalent number of lymphocytes to the number of nonsperm cell contaminants in the inocula to evoke immunity after systemic challenge in the present study indicates that spermatozoa are indeed immunogenic, but the contribution of the non-sperm cells should not be entirely discounted since a low but significant proportion express class II MHC gene products and possess macrophage-like properties (unpublished observations). This introduces the possibility that class II bearing "passenger" non-sperm cell leucocytes within the allogeneic ejaculate may result in sensitization of the female in a manner comparable to that proposed for organ allografts (Faustman, Lacy, Davie & Hauptfield, 1982) . Regardless of whether it is spermatozoa or the non-sperm cell contaminant which is the immunogenic stimulus, natural insemination clearly evokes a cell-mediated allospecific immune response in the female.
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